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Figure S1. Residual concentration of 300 mg L-1 methylene blue aqueous solution after treatment with 

Mg/Zn binary oxides by varying the molar percentages of Zn(NO3)2 in preparation (light source: UV light; 

irradiation period: 90 min). 
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Figure S2. UV-vis spectra of methylene blue aqueous solution after treatment under different 

conditions as marked upon irradiation in [(a), (b) and (c)] UV light (initial concentration: 300 mg L-1; 

solution volume: 50 mL; catalyst amount: 25 mg; irradiation period: 90 min) and [(a’), (b’) and (c’)] visible 

light (initial concentration: 100 mg L-1; solution volume: 50 mL; catalyst amount: 50 mg; irradiation 

period: 90 min). It should be mentioned that for the methylene blue solutions after treatment with UV 

light, they were diluted 50 times prior to the measurement of UV-visible spectrometer, whereas they 

were diluted 20 times for the system with visible light irradiation.   
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Figure S3. Comparison of the performance of developed spherical Mg0.8Zn0.2O particles with other 

related state-of-the-art photocatalysts (a) in degradation of 50 mL of 300 mg L-1 methylene blue aqueous 

solution upon UV light irradiation (irradiation time: 90 min; catalyst amount: 25 mg; solution pH: 4.39) 

and (b) in degradation of 50 mL of 100 mg L-1 methylene blue aqueous solution upon visible light 

irradiation (irradiation time: 90 min; catalyst amount: 50 mg; solution pH: 5.47). 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

Figure S4. Photocatalytic degradation of MB over various photocatalysts upon irradiation in (a) UV light 

(initial concentration: 300 mg L-1; solution volume: 50 mL; catalyst amount: 25 mg) and (b) visible light 

(initial concentration: 100 mg L-1; solution volume: 50 mL; catalyst amount: 50 mg). 
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Figure S5. UV-vis spectra of 50 mL mixed dye solution (MB, Congo red, thymol blue, bromothymol 

blue, and eriochrome black T) being treated with Mg0.8Zn0.2O, ZnO, P25 TiO2, N-doped TiO2, MgO, g-

C3N4, BiVO4, α-Fe2O3, and WO3 upon irradiation in (a) UV light (concentration of each dye: 300 mg L-

1; catalyst amount: 25 mg; solution pH: 4.39) and (b) visible light (concentration of each dye: 300 mg L-

1; catalyst amount: 50 mg; solution pH: 5.47) for 90 min. 
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Figure S6. UV-vis spectra of 50 mL mixed solution (MB, Congo red, thymol blue, bromothymol blue, and 

eriochrome black T) with each dye concentration of 300 mg L-1 being treated with different catalysts: (a) 

spherical Mg0.8Zn0.2O, (b) ZnO, (c) P25 TiO2, (d) N-doped TiO2, (e) MgO, (f) g-C3N4, (g) BiVO4, (h) α-Fe2O3, 

and (i) WO3 upon UV light irradiation (— means the solution before treatment, and — means the solution 

after treatment with 90 min; insets are the photographic images of the corresponding solutions after 0 

min and 90 min; catalyst amount: 25 mg).  
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Figure S7. UV-vis spectra of 50 mL mixed solution (MB, Congo red, thymol blue, bromothymol blue, and 

eriochrome black T) with each dye concentration of 100 mg L-1 being treated with different catalysts: (a) 

spherical Mg0.8Zn0.2O, (b) ZnO, (c) P25 TiO2, (d) N-doped TiO2, (e) MgO, (f) g-C3N4, (g) BiVO4, (h) α-Fe2O3, 

and (i) WO3 upon visible light irradiation (— means the solution before treatment, and — means the 

solution after treatment with 90 min; insets are the photographic images of the corresponding solutions 

after 0 min and 90 min; catalyst amount: 50 mg).  
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Figure S8. Effects of different scavengers on the photocatalytic degradation of methylene blue 

percentage over developed Mg0.8Zn0.2O under visible light irradiation with variation in pH values of 

methylene blue aqueous solutions: (a) pH 2, (b) pH 6, and (c) pH 12 [initial concentration of methylene 

blue solution: 100 mg L-1; volume: 50 mL; catalytic period: 90 min; catalyst amount: 50 mg; to study the 

roles of different active species, ammonium oxalate (AO, 5.0 mmol L-1), t-butanol (BT, 5.0 mmol L-1), and 

1,4-benzoquinone (BQ, 1.0 mmol L-1) were the scavengers for holes (h+), hydroxyl radicals (•OH), and 

superoxide radicals (O2
•-), respectively]. 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

Figure S9. Optically microscopic images of (a) and (a’) as-synthesized Mg0.8Zn0.2O (b) without use and  

(b’) the collected product after one cycle for degrading 100 mg L-1 of methylene blue solution with pH = 

2 upon irradiation in visible light.  
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Figure S10. Optically microscopic images of (a) as-synthesized Mg0.8Zn0.2O without use and (b) the 

collected product after six recycles for degrading 100 mg L-1 of methylene blue solution upon irradiation 

in visible light.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S11. XRD patterns of recycled products as indicated in this figure (note: * means the diffraction 

peaks of MgO, and Δ means the diffraction peaks of ZnO in the products).  
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Figure S12. Photographic images of 50 mL of 100 mg L-1 methylene blue solution after being treated with 

visible light irradiation for 90 min in the presence of (a) Mg0.8Zn0.2O and (b) P25 TiO2 (after photocatalysis, 

the solutions have been maintianed constant for 30 min without any stirring), and the supernatant 

solutions from the systems with (c) Mg0.8Zn0.2O and (d) P25 TiO2 (catalyst amount: 50 mg). 

 
 
 
 
 

Figure S13. N2 adsorption–desorption isotherms and pore size distributions (insets) of the generated 

product with different Mg/Zn ratios: (a) MgO, (b) Mg0.9Zn0.1O, (c) Mg0.8Zn0.2O, (d) Mg0.7Zn0.3O, (e) 

Mg0.5Zn0.5O, (f) Mg0.2Zn0.8O, and (g) ZnO. 
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Figure S14. XRD patterns of the generated products with different Mg/Zn ratios as indicated in this figure. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S15. (a) UV DRS and (b) plot of (αhυ)2 vs (hυ) of the generated products with different Mg/Zn 

ratios as indicated in this figure. 
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Figure S16. Cyclic voltammetry measurement for (a) MgO, (b) ZnO, and (c) Mg0.8Zn0.2O. 
 

 

 

Table S1. Comparison of different Mg/Zn binary oxides in degradation of organic dyes or others 

Mg/Al oxides light 
solution 
volume 

catalyst 
dosage 

dye concentration Reference 

Mg0.8Zn0.2O 
microspheres 

UV light   50 mL 25 mg 
methylene blue,  Congo 
red, thymol blue, 
bromothymol blue, 
eriochrome black T and 
their mixtures 

300 mg/L 
current 

work 
visible light  50 mL   50 mg 100 mg/L 

Mg0.5Zn0.5O 
nanoparticles 

UV light 250 mL   60 mg indigo carmine 40 mg/L [1] 

Mg0.8Zn0.2O 
nanoparticles 

UV light 200 mL   50 mg methyl orange   20 mg/L [2] 

Mg0.3Zn0.7O thin 
film 

UV light 100 mL n/a crystal violet   20 mg/L [3] 

MgO/ZnO/In2O3 
nanoparticles 

Visible light 100 mL   50 mg methylene blue   10 mg/L [4] 

Mg0.5Zn0.5O 
nanoparticles 

UV light   50 mL 100 mg 2,6-dichlorophenol   10 mg/L [5] 

MgO/ZnO 
nanoparticles 

UV light   20 mL   20 mg alprazolam     9 mg/L [6] 

Mg0.904Zn0.096O 
nanoparticles 

UV light   50 mL     3 mg methylene blue     6 mg/L [7] 

Mg0.05Zn0.95O 
nanoparticles 

UV light   80 mL   50 mg methylene blue     6 mg/L [8] 

Mg0.05Zn0.95O 
nanoparticles 

blacklight 150 mL 150 mg methylene blue    3 mg/L [9] 

Mg0.10Zn0.80C0.10 
nanoparticles 

UV light 100 mL 100 mg methylene blue    3 mg/L [10] 

Mg0.10Zn0.90O 
nanoparticles 

sunlight   50 mL   60 mg methylene blue    3 mg/L [11] 

Mg0.05Zn0.95O 
nanoparticles 

blacklight 150 mL 150 mg methylene blue    3 mg/L [12] 

Note: n/a means not available. 
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Table S2. Comparison of different types of MgO in degradation of organic dyes 

Mg/Al oxides light 
solution 
volume 

catalyst 
dosage 

dye concentration Reference 

Mg0.8Zn0.2O 
microspheres 

UV light     50 mL   25 mg 
methylene blue,  Congo 
red, thymol blue, 
bromothymol blue, 
eriochrome black T and 
their mixtures 

300 mg/L 
current 

work 
visible light     50 mL   50 mg 100 mg/L 

MgO 
microspheres 

UV light    20 mL   10 mg 

methylene blue, Congo 
red, thymol blue, 
bromothymol blue, 
eriochrome black T and 
their mixture 

100 mg/L [13] 

MgO nanorods visible light   150 mL 2 mg methylene blue    25 mg/L [14] 

MgO 
nanoparticles 

UV light   250 mL   60 mg methylene blue     20 mg/L [15] 

MgO 
nanoparticles 

UV light  100 mL 50 mg 
methyl orange and 
methylene blue 

    15 mg/L [16] 

MgO 
nanospheres 

UV light     50 mL    4 mg indigo carmine     15 mg/L [17] 

MgO 
nanoflake 

UV light  100 mL 200 mg methyl orange     10 mg/L [18] 

MgO nanoflake UV light    25 mL   10 mg methylene blue      10 mg/L [19] 

MgO nanofibre UV light      5 mL 20 mg reactive yellow      10 mg/L [20] 

MgO 
nanoparticles 

UV light    50 mL   50 mg 
methylene blue, methyl 
orange, acid orange 7  
and rhodamine 6G 

        5 mg/L [21] 

MgO 
nanoparticles 

UV light   30 mL 50 mg methylene blue        1.8 mg/L [22] 
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